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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

SUMMARY

Name of Dam: Southwest City Structure
State Located. Missouri
County Located: McDonald
Stream: Tributary of Hloney Creek
Date of Inspection. May 28, 1980

Southwest City Structure was inspected by an interdiscipli-
nary team of engineers from Anderson Engineering, Inc. of
Springfield, Missouri, and Hanson Engineers, Inc. of Springfield,
Illinois. The purpose of this inspection was to make an*-assess-
ment of the general condition of the dam with respect to safety,
based upon available data and visual inspection, in order to
determine if the dam poses hazards to human life or property.

The guidelines used in the assessment were turnished by
the Department of the Army, Oftice of the Chief ot Engineers,
and they have been developed with the help of several Federal
and State agencies, professional engineering organizations,
and private engineers. Based on these guidelines, the St. Louis
District, Corps of Engineers has determined that this dam is in
the high hazard potential classification, which means that loss
of life and appreciable property loss could occur if the dam
fails. The estimated damage zone extends approximately
two miles downstream of the dam. Located within this zone are
approximately 20 buildings and dwellings, all in the town of
Southwest City.

The dam is in the small size classification, since it is
greater than 25 ft high but less than 40 ft high, and the maximum
storage capacity is greater than 50 ac-tt but less than
1,000 ac-ft.

Our inspection and evaluation indicates that the combined
spillways do meet the criteria set forth in the guidelines tor
a dam having the above size and hazard potential. The combined
spillways will pass 100 percent of the Probable Maximum Flood
without overtopping. The Probable Maximum Flood is defined as
the flood discharge that may be expected from the most severe
combination of critical meteorologic and hydrologic conditions
that are reasonably possible in the region. The guidelines re-
quire that a dam of small size with a high downstream hazard po-
tential pass 50 to 100 percent of the PMF. Considering the height
of dam (27 ft), the maximum storage capacity (152 ac-ft), and the
lack of any permanent water storage, 100 percent of the PMIF has been



determined to be the .appropriate spillway design flood. The
1 percent p.robability flood will not overtop the dam. Tle
1 percent probability flood is one that has a I percent chance
of being exceeded in any given year.

The only deficiency visually observed by the inspection
team was the presence of some small trees on the embankment
of the dam.

Another deficiency was the lack of seepage and stability
analysis records.

It is recommended that the owners take the necessary
action without delay to correct the deficiencies reported
herein. A detailed discussion of these deficiencies is in-
cluded in the following report.

Jack laly, P.E.("
IHans6tn EngineersoJInc.

Anderson. Ung ineer inrg-rnhc

Nson Morales, P.E.
11ns on Engineers, Inc.

Tom Beckley, P.E.
Anderson Lngineering, Inc.
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SECTION I tPROE.CI INORMATION

1.1 IGENERAL:

A. Au t hor i tY.

The National Dam Inspection Act, Publ i c Law 92- 367,
authorized the Secretary of the Army, through the Corps ot
Engineers, to initiate a program o1 safety inspection of
dams throughout the Ulnited States. Pursuant to the above,
the St. Louis District, Corps of Lngineers, District Lngi-
neer directed that a safety inspection be made of Southwest
City Structure in McDonald County, Missouri.

13. Purpose of Inspection:

The purpose of the inspection was to make an assessaient
of the general conditinn of the dam with respect to sal ty
based upon available data and a visual inspection in order
to determine if the lam poses hazards to human life or
property.

C. Ejvaluation Criteria:

Criteria used to evaluate the dam were furnished by the
Department of the Army, Office of the Chief of Engineers,
"Recommended Guidelines for Safety Inspection ot Pzms,
Appendix D." These guidelines were developed with the help
of several federal agencies and many state agencies, pro-
fessional engineering organizations, and private engineers.

1.2 DESCRIPTION OF PROJECT:

A. Description of Dam and Appurtenances.

Southwest City Structure is an earth fill structure approxi-
mately 27 ft high and 625 ft long at the crest. -The appurtenant
works consist ot a 30 in. diameter reinforced concrete primary
spillway pipe with a reinforced concrete tlow riser and an earth
cut swale located at the west abutment.

Sheet 3 of Appendix A shows a plan, profile, and typical
section of the embankment as obtained from field inspection data.
Sheets 6 through 10 of Appendix A are selected as-built drawings
obtained from the 11. S. Department of Agriculture, Soil Conserva-
tion Service, Columbia, Missouri.



B. Locat ion:

The dam is located in t hc south west er prt ol MNc Donald
County, Nlissouri, on a t r i but ary of Honey Crecek.. '11e dam and
lake are within the Southwest C.ity, Missouri, 7.5 minute quad-
rangle sheet (Section 33, 1'21N, R341' - latitude; 36"30.5';
longitude 94037.0'). Sheet 2 of Appendix A shows the general
vicinity.

C. Size Classitication:

W ith an embankment he i ght of 27 ft and a maximum storage
capacity of approximately iS2 ac-It, the dam is in the
small size category.

D. Hazard Classification:

The St. Louis District, Corps of llngineers has clas.i-
fied this dam as a high hazard dam. The estimated damage
zone extends approximately two miles downstream of the
dam. Located within this zone are approximately 20 buildings
anld dwellings, all in the town of Southwest City. Location ot
affected features within the damage zone were verified by
the inspection team.

E. Ownership.

The dam is owned by Mr. Darrel Spillers. The owner's
address is Southwest City, iMissouri 64836.

F. Purpose of Dam:

The dam was constructed primarily for flood control as
a Southwest Missouri Resource Conservation and Development
Project.

G. Design and Construction History:

The dam was designed by the U. S. Department of Agriculture,
Soil Conservation Service, Columbia, Missouri, under the authority
of a Resource Conservation and Development Act. A partial set of
as-built plans is included as Sheets 5 through 9 of Appendix A.
A complete set of plans is available through the Columbia,
Missouri, office of the Soil Conservation Service.

Geologic investigations and analyses completed by the Soil
Conservation Service are included as Sheets 3 through 12 of
Appendix B.

The contract for construction of this structure was let on
May 5, 1970.

The contractor for the project was Snider Construction
Company, ,Joplin, Missouri. Snider Construction Company was con-
tacted for information regarding the construction. No information
was available from the contractor concerning the construction
history of the dam.
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Inspection of the project was conducted under tile control
of Mr. Joe Green, Project Ingineer, Soi I Conservation Service,
Mount Vernon, Missouri. Results ol the inspection and testing,
including the inspector's I ield notes, compactioa reports, and
concrete reports, are currently on file in t:,c Columbia, Missouri,
SCS office.

Mr. Green stated that the dam was built in general conformance
with the plans. The only modification to the plans was the
addition of the waterway berm near the principal spillway inlet
structure (see Sheet 6 of Appendix A). '1o his knowledge, no
additional changes were made to the structure.

The owner, Mr. Spillers, stated that the outlet channel
of the principal spillway was sustaining considerable erosion due
to the water flow. 'he plunge pool area was lined with car
tires anchored into the salvaged concrete slab pieces placed
in the plunge pool. lie indicated that no further erosion. problem
has occurred in this area.

I1. Normal Operating Procedures:

The structure was designed for flood control purposes, and
nu provisions for permanent water storage were made. All flows
will normally be passed by the restricted flow riser to the 30
i n ormll y t~in. spillwayv pipe and the uncontrolled earth cut emergency spill-
way. Information obtained from the owner, Mr. Spillers, indicates
that the dam has not been overtopped and that the maximum storage
was about one half full, with the maximum time of water retained
by the embankment being 12 hours. According to Mr. Spillers, the
emergency spillway has not been used.

1.3 PlRTINENT DA'lA:

Pertinent data about the dam, appurtenant works, and
reservoir are presented in the following paragraphs. Sheet
3 of Appendix A presents a plan, profile, and typical section
of the embankment plotted from field data obtained by the in-
spection team. Sheets 5 through 9 of Appendix A are selected
sheets from the complete set of as-built plans prepared by the
Soil Conservation Service.

A. Drainage Area:

The drainage area for this dam, as obtained from the
as-built plans (Sheet 9 of Appendix A), is approximately 304
acres.

B. Dischargc at Dam Site:

(1) All discharge at the dam site is through the restricted
flow riser, principal spillway, and an uncontrolled
emergency spillway.

(2) Estimated Total Spillway Capacity at Maximum Pool (Top
of Dam - El. 1,004.8): 5,178 cfs

-3-



(3) Estimated Capacity of Pirincipal Spillway: 33 cf.

(4) E'stimated Experience Maximum Flood at [)am Site:
18 cfs at elevation 993 (estimated from owner's
information)

(5) Diversion Tunnel Low Pool Outlet at Pool Elevation:
Not Applicable

(6) Diversion Tunnel Outlet at Pool Elevation: Not Applicable

(7) Gated Spillway Capacity at Pool Elevation. Not Applicable

(8) Gated Spillway Capacity at Maximum Pool Icvation. Not
Applicable

C. Elevations:

All elevations are consistent with an assumed mean .a level
elevation of 982.6 for lower invert of restricted ilow riser from
as-built plans for the structure.

(1) Top of Dam: 1,004.8 ft, MSL (Low Point)'

(2) Principal Spillway Crest. 987.7 ft, NISL.

(3) Emergency Spillway Crest: 999.5 ft, MSLI

(4) Principal Outlet Pipe Invert: 979.5 ft, MSL

(5) Streambed at Centerline of Dam: 978.0 ft, MSL

(6) Pool on )ate of Inspection: None

(7) Apparent High Water Mark. None

(8) Maximum Tailwater. Not Applicable

(9) Upstream Portal Invert Diversion Tunnel: Not Applicable

(10) Downstream Portal Invert Diversion Tunnel: Not Applicable

D. Reservoir Lengths:

(1) At Top of Dam: 1,650 ft

(2) At Principal Spillway Crest: 500 ft

(3) At Emergency Spillway Crest: 1,300 ft

U. Storage Capacities:

(1) At Principal Spillway Crest. 9.8 ac-it

(2) At Top of Dam. 152 ac-ft

(3) At Emergency Spillway Crest. 87 ac-ft

4



F. Reservoir Surface \reas:

(1) At Principal Spillway (:rest; 3.2 acres

(2) At Top of Dam: 13.8 acres

(3) At Emergency Spillway (:rest: 10.3 acres

G. Dam :

(1) Type: Larth

(2) Length at Crest: 625 ft

(3) Height: 27 ft

(4) Top Width: 14 ft

(5) Side Slopes: Upstream 2.511.]V, Downstream 2.511.1V

(6) Zoning: Yes, See sheet 6 of Appendix A

(7) Impervious Core: 12 feet wide

(8) Cutoff: 4 to 6 ft Below Base of Dam

(9) Grout Curtain. None

If. Diversion and Regulating Tunnel:

(1) Type: Not Applicable

(2) Length. Not Applicable

(3) Closure. Not Applicable

(4) Access: Not Applicable

(5) Regulating Facilities: Not Applicable

I. Spillway:

1.1 Principal Spillway:

(1) Location. Centerline of Dam Station 5 + 05

(2) Type: Uncontrolled Restricted Flow Riser and 30 in.
Diameter Pipe.

1.2 Emergency Spillway.

(1) Location. West Abutment

(2) Type: Earth Cut

-5-



J. Regulating Outlets:

There are no regulating outlets associated with this
dau..

-6-



SECTION 2 - I.NC iINI;IRINC; DATA

2.1 DLS 1GN:

Design calculations and construction plans were prepared
by and are currently onl file with the Soil Conservation Service
in Columbia, Missouri. A partial set of these plans is
included as Sheets 5 through 9 of Appendix A. These plans
were developed through the Resource Conservation and Development
Act.

A. Surveys.

A topographic survey was conducted by the Soil Conservation
Service for the structure area. This survey was tied to the sea
level datum, and a temporary benchmark was located near the dam
site. Concrete monuments were set at each end of the em+bankment
by the Soil Conservation Service. A description ot these bench-
marks is shown on Sheet 5 of Appendix A.

B. Geology and Subsurface Materials.

The site is located in the border zone between the Ozarks
and Western Plains geologic regions of Missouri. This area is
characterized by rolling to hilly topography with oak and
hickory forest areas. The sedimentary rock layers exposed in
the Ozarks region dip downward away from the Ozarks region, and
the higher and younger sedimentary deposits become the surface
ledges in southwest Missouri. The soils in this area are
residual from cherty limestones of the Agean Series of the Missi-
ssippian formations.

Soils on the site are residual cherty soils. A layer ot
soil on the valley floor is described as alluvial-colluvial and
classified as CC in the "Detailed Geologic Investigation of Dam
Sites" contained in Appendix 13. Shallow probes in the embankment
indicate the embankment to consist of cher~y silty clays. The
soils were identified by visual observation to be in the Unified
Soils groups of CL and GC.

The "Geologic Map of Missouri" indicates that two series o:
faults exist in this area. Approximately 23 miles north of the
dam are the Seneca Faults, and approximately 6 miles east is a fault
line that runs northeast to southwest. These faults are considered
to be inactive and have been for several million years. The publi-
cation "Caves of Missouri" indicates there are 12 caves in Mcl)onald
County, and these are several miles from the dam site with most
of the caves near Pineville, Missouri.
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C. Foundation and Embankment Design:

Included as Sheet 3 of Appendix B is the "Geologic Investigation
of Dam Site" for this structure. The profile at the centerline of
the dam shows the location of the borings as obtained by the Soil
Conservation Service. Sheets 4 through 12 of Appendix B are the
detailed soil investigation with conclusions from the study.
Sheets 8 and 9 of Appendix B are a discussion of the results
from the Soil Mechanics Laboratory of the Soil Conservation Service.

Based upon the available information, the basic foundation
soil appears to be silty c Iay (CL) . 'here was apparently some
particular zoning of the embankment, and no internal drainage
features are known to exist.

D. llydrology and Hydraulics:

The hydrologic and hydraulic design parameters of this dam
are as shown on Sheet 9 of Appendix A. Based on the as-huilt
plans, a field check of the spillway dimensions and embankment
elevations, and a check of the drainage area on U.S.,.S. quad
sheets, hydrologic analyses using U. S. Army Corps of Engineers
guidelines were performed. They appear as Appendix C, Sheets I

through 9.

E. Structure:

The only structure associated with this dam is the uncon-
trolled restricted flow riser. Details of this riser appear
as Sheet 8 of Appendix A.

2.2 CONSTRUCTION:

Inspection during the construction ot the (lam was performed
by the Soil Conservation Service Office, Mount Vernon, Missouri,
under the direction of Mr. Joe Green, Project Engineer. Mr. Green
stated that daily inspection was performed during construction by
members of his staff. No construction inspection data were ob-
tained for this project. The inspector's log and inspection
tests, to include compaction and concrete testing, are currently
on file at the Soil Conservation Service Office, Columbia, Missouri.

2.3 OPERATION.

Normal flows would be passed by the uncontrolled restricted
flow riser to the 30 in. spillway pipe and the uncontrolled
earth cut emergency spillway.

2.4 EVALUATION.

A. Availability:

The engineering data available are as listed in Section
2.1.

8L



B. Adequacy.

The engineering data available is adequate t-o prepare a
base for a detailed assessment of the design, construction, and
operation of this structure. Seepage and stability analyses
comparable to the requirements of the "Recommended Guide-
lines for Safety Inspection of D)ams" were not available,
which is considered a deficiency. These seepage and stability
analyses should be performed for appropriate loading condi-
tions (including earthquake loads) and made a matter of record.

C. Validity:

The as-built plans and design data prepared by the Soil
Conservation Service and included in Appendices A and B are
valid engineering data on the design and construction of the
dam.

-9-
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SECTION 3 V ISIAL INSI'CTON

3.1 FINDINGS:

A. General.

The field inspection was made on May 28, 1980.
The inspection team consisted of personnel from Anderson
Engineering, Inc. of Springfield, rWtissouri and Hanson
Engineers, Inc. of Springfield, Illinois. The team members
were:

Jack Healy, P.F., Hanson Engineers, Inc., (Geotechnical Engineer)
Steve Brady, P.I3., Anderson Lngincering, Inc., (Civil Lngineer)
Nelson Morales, P.E., Hanson Lngincers, Inc., (IHydraulic..Lngineer)
Tom Beckley, P.E., Anderson Engineering, Inc., (Civil Engineer)

Photographs of the dam, appurtenant structures, reser-
voir, and downstream features are presented ini Appendix 1).

B. Jam.

The dam embankment appears to be in good condition. No
sloughing or sliding of the embankment was noted. The horizontal
and vertical alignments of the crest were good. No surface cracking
or unusual movements were obvious. The crest of the embankment
was 14 ft wide, the low crest elevation was 1,004.8; the high
crest elevation was 1,005.5. The field survey data obtained
by the inspection team compared favorably to the as-built plans
for the structure.

Shallow auger probes into the embankment indicated the fill
material to be a reddish-brown silty clay (CL). The embankment
is grass-covered and appears to be in good condition. Some small
trees (3 to 4 ft high) were noted, primarily on the downstream
embankment face. No sloughing o1 the embankment or seepage through
the embankment was evident. No animal burrows were noted. No
serious erosion was observed.

No water was stored behind the embankment on the date of in-
spection. As a facility for floodwater retention, no permanent
water storage is planned. The restricted flow riser has an inlet
at the bottom and S ft above the bottom ' ith no means of per-
manently retaining water.

No instrumentation (monuments, piezometers, etc.), including
the benchmarks noted on Sheet 5 ot Appendix A; was observed.

C. Appurtenant Structures:

C.1 Princpal Spi. Lay:

The principal spillway consisting of the 30 in. diameter rein-
forced concrete pipe and associated flow restrictor riser appeared
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to be in good condition. The normal flow is through the uncon-
trolled riser orifices. One is located at the bottom of the riser,
and the other is 5 ft above the bottom of the riser.

The approach to the inlct structure was clear with good
grass cover. No noticeable erosion around the inlet was observed.
The spillway outlet was clear with evidence of past erosion pro-
blems. The plunge pool area was lined with car tires and broken
pieces of concrete. The remedial measure of lining the plunge
pool area appears to have minimized channel erosion.

C.2 Emergency Spillway.

The emergency spillway, located at the west abutment, was
an earth cut channel. The grass cover in the channel was good
with no noticeable erosion. According to Mr. Spillers, .the
emergency spillway has never been used.

The outlet channel is directed well away from the embankment.

The inlet and outlet to the channel were clear.

D. Reservoir.

The reservoir area was generally pastureland with good grass
cover. The slopes to the reservoir were moderate. The reservoir
banks appeared to be in good condition with no noticeable sedi-
mentation.

Ii. Downstream Channel:

The downstream channel slopes, extending from the dam to
the town of Southwest City, are classified as gently rolling slopes.

3.2 EVALUATION:

The embankment of the dam appears to be good with heavy
grass cover. No noticeable erosion was observed on the embank-
ment slopes or the emergency spillway. The prior erosional
area at the primary spillway outlet appears to have been corrected
and is checking the erosion of the plunge pool area.

Some light brush and small trees were noted on the downstream
slope of the embankment.

Photographs of the dam, appurtenant structures, and the
reservoir are presented in Appendix D.
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SECTION 4 - OPEIRATI ONAL PROCI.iI)URES

4.1 PROCEDURES:

The operation and maintenance of the darn are the responsi-
bility of the Southwest Missouri Resource Conservation and
Development Executive Committee, City of Southwest City, Missouri,
in conjunction with the Soil and Water (:onserva tion l)istriCt Of
McDonald County, Missouri. For the first three years following
construction of the dam, a joint inspection was conducted by
members of the Executive Committee and the Soil Conservation
Service. After the three year time period, the responsibility
was assumed by the Executive Committee. In addition to the re-
quired annual inspection, the dam is to be inspected alter each
severe flood and after the occurrence of any other unusual
condition which might adversely affect the structure.

The inspection is to includc the condition o1 the primary
spillway and its appurtenances, the emergency spillway, the
earthfill, and any other items installed as a part of the struc-
ture. Copies of the inspection report are forwarded to the Soil
Conservation Service office in Springfield, Missouri. The last
annual inspection of record was in July of 1978. The results of
this inspection are included as Sheet 10 of Appendix A.

4.2 MAINTENANCE OF DAM.

After the annual inspection of the dam, the Executive Committee
determines the maintenance to be done. Money for the required
maintenance is derived from a tax levy imposed upon the residents
of the watershed district.

4.3 MAINTENANCE OF OPERATING FACILITIES:

The maintenance required for the restricted flow riser is
accomplished after the annual inspection by the Executive Committee.

4.4 DESCRIPTION 01: ANY WARNING SYSTEM IN EFFECT.:

The inspection team is unaware of any existing warning
system for this dam.

4.5 EVALUATION:

The general maintenance of the dam and associated items
appeared to be in good condition. Some small brush growth was
observed on the downstream slope of the embankment. The grass
cover on the embankment and emergency spillway channel was good.

12
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The maintenance required for the restricted flow riser is
accomplished after the annual inspection by the Executive Committee.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT.:

The inspection team is unaware of any existing warning
system for this dam.

4.5 EVALUATION:

The general maintenance of the dam and associated items
appeared to be in good condition. Some small brush growth was
observed on the downstream slope of the embankment. The grass
cover on the embankment and emergency spillway channel was good.

12



SICTION S IIYIIAUIIC/IIYI)ROLO(;IC

5. 1 IEVA I.AI-OI1N OF FEATIURES:

A. Design lata

The hydrologic and hydraulic design data tor this dam
are as shown on Sheet 9 of Appendix A.

1. xp. -i ence D ata- :

No recorded rainfall, runoff, discharge, or reservoir
stage data were available for this lake and watershed.

C. Visual Observations:

The approach channels to the spillway are clear. The
emergency spillway is well separated from the embankment.
Sp illway re leases wold not be expected to endanger the dam.
The prior erosion of the principal spillway out let appears to
have been satisfactorily repaired and checked.

I1). Overtopping Potential;

The hydraul ic and liydrologic analyses (using the U. S. :\rmy
Corps of Eng i neers guidelines and the IEC - 1 computer program)
were based on: (1) a field survey of spillway dimensions and
embankment elevations; (2) an estimate of the reservoir storage
and the pool and drainage areas from the Southwest City,
Missouri, Colcord NIE, :\rkansas, Oklahoma, Missouri, Sycamore,
Oklahoma, and Dodge, Oklahoma, 7.5 Minute U.S.;.S. quad sheets;
and (3) data obtairned from the as-built plans prepared by the
Soil Conservation Service.

Based on the hydrologic and hvd rau lic analysis pre-
sented in Appendix C, the combined spill ays will pass
t00 percent of the Probable M.,axi mum Flood. The Probable
Maximum Flood is defined as the flood discharge that may be
expected from the most severe combination of critical meteoro-
logic and hydrologic conditions that are reasonably possible
in the region. 'Ilie recommended guidelines from the lI)epartment
of the Army, '0ffice of the Chief of' Engineers, require that
this structure (small size with hi-Vli downstream hazard poten-
tial) pass S(I percent to 100 percent of the i'MF, without over-
topping. Considering the height of dam (27 ft), the maximum
storage capacity (152 ac-ft), and the lack of any permanent
water storage, 101) percent of the IMF has been determined to be
the appropriate spillway design flood. The spillways will pass
a 1 percent probability flood with out overtopping the dam.

Application of the prolable maximum precipitation (PMP),
minus losses, resulted in a flood hydrograph peak inflow of
5,211 cf s . :0r (10 percent of the P!', the peak inflow w 2 s 2,005
c fs.

- 1 - 1



The routing of the 11,11: through the spill ways and dam indi-
cates that the dam will not be overtopped. The ifaximum outflow
will be 4,794 cfs. The maximum discharge capacity of the spill-
ways is 5,178 cfs.

- 14



SECTION 6 STRUCTURAL SIABIIITY

6.1 EVALUATION OF STRUCTURAL STABILITY.

A. Visual Observations.

Observed features which could adversely affect the
structural stability of this dam are discussed in Sections
3.1B and 3.2.

B. Design and Construction Data:

Design data obtained are included in Appendix A. Analysis
3f the soil structure is included in Appendix B. Additional de-
sign data and construction notes and tests are located at the
Soil Conservation Service in Columbia, Missouri.

Seepage and stabilitv analyses comparab le to the re-
quirements of the guidelines were not availabie, which
constitutes a deficiency which should be rectified.

C. Operating Records.

No operating records have been obtained.

[D. Post Construction Changes:

To our knowledge, no post-construction changes have been
made.

F. Seismic Stability:

The structure is located in seismic zone 2. An earthquake
of this magnitude would not generally be expected to cause severe
structural damage to a well constructed earth dam of this size.
However, it is recommended that the prescribed seismic loading
for this zone be applied in stability analyses performed for this
dam.

15 -



SECi ION 7 - ASSJLSSM1 N'1/RIJ:T)IAL MI;ASURYS

7. 1 DAM ASSE"SSMINT:

This Phase I inspection and evaluation should not be
considered as being comprehensive since the scope of work
contracted for is far less detailed than would he required
for an in-depth evaluation of dams. Latent deficiencies,
which might be detected by a totally comprehensive inves-
tigation, could exist.

A. Safety:

The embankment is in good condition. An item noted during
the visual inspection which should be corrected or controlled
is the presence of some small trees on the embankment of the
dam.

Another deficiency was the lack of seepage and stability
analyses records.

The combined spillways will pass 100 percent of the PIF
without overtopping. Overtopping of an earthen embankment
could cause serious erosion anu could possibly lead to failure
of the structure.

B. Adequacy of Information:

The conclusions in this report were based on review of
the information listed in Section 2.1, the performance
history as related by others, and visual observation of
external conditions. The inspection team considers that these
data are sufficiept to support the conclusions herein. Seepage
and stability analyses comparable to the "Recommended Guide-
lines for Safety Inspection of Dams"' were not available, which
is considered a deficiency.

C. Urgency.

The remedial measures recommended in paragraph 7.2
should be accomplished in the near future. If the defici-
encies listed in paragraph A are not corrected, and if good
maintenance is not provided, the embankment condition will
deteriorate and possibly could become serious in the future.

D. Necessity for Additional Inspection:

Based on the result of the Phase I inspection, no additional
inspection is recommended.

-10 -



i. Seismic Stability.

The structure is located in scisinic zone 2. An earthquake
of this magnitude would not generally be expected to cause
severe structural damage to a well constructed earth dam ot
this size. lowever, it is recommended that the prescribed
seismic loading for this zone be applied in any stability
analyses performed for this dam.

7. 2 RLIMLDIAL MEASURES:

The following remedial measures and maintenance pro-
cedures are recommended. All remedial measures should be
performed under the guidance of a professional engineer
experienced in the design and construction of dams.

A. Alternatives:

(1) Not Applicable

B. 0 NI Procedures:

(1) Seepage and stability analyses comparable to the
requirements of the recommended guidelines should
be performed by an engineer experienced in the
construction of dams.

(2) The small tree growth on the embankment face should
be removed, and the vegetative growth on the dam
should be cut annually.

(3) A detailed inspection of the dam should be made
periodically by an engineer experienced in the
design and construction of dams.

17



APPENDIX A

Dam Location and Plans
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STRUCTURE DATA

Class of Structure - Freeboard Hydr

Drainage Area (total) .304 Ac. C-7.5- Sq.Mi. Rainfall _

(uncontrolled) .3r4 _ Ac.C.InZ5 -  Sq.Mi. Runoff _

Time of Concentration C.4 / Hours Peak Infla

Soil Cover Complex Number 66 For A.M.C. II Maximum D!

*Sediment Capacity Available Ac.Ft. below Elev.-V'7 Maximum Wa

Total Sediment Capacity Available 9,_5 Ac.Ft.

Capacity Equivalents (Vol.) C. .8 In .

Reta,-,ng Capacity Provided 77"1 Ac.Ft.

Ca-acity Equivalents (Vol.) 3. 4 _ In.

Water Sucoi P.-ovideda Ac.Ft.-ldentify Uses ICIc
*JCC. Yr ,cz/,-,, lv-.,

Principa; Soi llway: [1

Maxi-u" Caoacity H-- -t-agr-- 
0

Maximum Capacity (high stage) c.f.s. >- 7:

10 Day Drawo-Dwn Elev. ___ "___,

Eme,'encv Soiliway:

F e-t Ch,3r F Use / Sterm Duration 9 99C

T pe c,,,' "n" Value Used C.C4'

E-'e.. e n SL I-way Hydrograph for Class -' Structures

Rair.taI .L / in.

Runoff 7. - 5- in. C

Peak InflowJ14A3c.f.s.

Maximum Discharge - Emergency Sp I Ilway _.C'2c.f.s.

Maximum Water Surface Elev. .___Y_. 2L
Velocity of Flow (Ve)_ --. -- _____ f.p.s. Supplementary'

Special Desi,

Supplementary Data and Special Design Features:

Veloity/ / > of Flow n ( ev /O Os.Sup 
ie ent.

-,/1,iwax 1"re.t 1/'_4,v 9676 H, 9

,,r, y e Z /,,71_/ C,-, i :I/v. 99..50
.35/Li A . , o /", 00 -'. 7-

77 ' Y , 1,? d-/' c', e'/'/h ,'/ /,,-2'.cc ci /V 9.O -.

* 'In : /I,, ...s O/y,,-,.,,. :-sc ,..f s. d ,. n4kzf ,,c // ,.,& '/; dY/,4a'J , n or ice .-

.



TRUCTURE DATA

Freeboard Hydrograph for Cls- f Srcue

Rainfall Z ~-

Runoff &Z -n

Peak inlw 4 -1 cfs

Maximum DKscharge - Emergency Spillwayc.fs

Maximum Water Surface Elev.L6f2io 5i-

util

C4-4 7
Totl Sorae -Ac.t.L

Su pl m nt r Dat and- -- -1 7 r ----- -- --------
Special~i DeinFetrs

U. S. DE RMN FARCLR
SOIL IIIEVAiNSEVC

k1 I

S-i.



OP'RNTJON AND MAINTENANCE INSPE-CTION REPORT

PROJECT SOUTH.IWE1ST MISSOURT PC&I) ____ COUNTY McDONALD
SOUTAWEST CITY FP

MEASURE NAME/NO. 29-6002-119-025 DATE WORK CO14PIETED 1971

Item Condition Describe Maintenance and Agreed date Date
Needed Repairs repairs to Repairs

__________be comle ted_ Completed

Flood Coiitro'
StructurA

du!" ..:V 0 ; d 0~ !d~1i ,-j,0l),qn~1 -11 .tn el,- ~e

origina and 2ropies t .. I1 copyinielOficeFil
A.C _ _ _ __* _rgnl oSA * n'"eti cp

~~~~~~~~~~Set( of_____________ Appendix___ A______
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Formn SCS 376 A
ShertI ofUNITED STATFS t'EF'.*.i'T%'ENT OF AGRICULTURE

SOIL CONS'.RVATiON SERVICE

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

G EN ER AL
Si~ I(/21 33 2 3;j 34~P

Stt ,i ssnuri Co-unty -1 c 9,:m1d d2T "5L; *e~le RC"_-2___ _-

So. 'V4 SiC_ _ _ __ _Subeaiershed _________ clzs5 __ Site number Sit _______ Structure class ___

Investigated by 24,L i-L t..- I FcQiipment used F~ I ng 1509 Date 5/2 1/1")9
(rIgnaITr ~ *,~r (Type, size, make, mrodel, etc.)

SITE DATA
0___~ 4 T0ec tutr I ______________

Grainage area size_._____ sa. mi., -' acres. Typ of stutr ______________ Pulpose 'R

Directic'n of valiey V'end (1o~rStreaMI - Maximuml heighrt of till-____ ____ t'- eet. L,.,?,th of till ____ ______ fe.

Estimated vntr e of cinirpacted tilt requited 2J'- yards

STORAGE ALLOCATION

Votume (ac. ft.) Surface Area (acres) Depth at Dam (tecti

Sed~nment 9.5 .0 ____ ___ ___

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiographic descripition Oz l1.i h I ane ....._ ___Topography Ro I _I_____ Attitude of beds: Dip _______ Strike _________

S'eepncss of abutments: Left- 13 percent ,,,:ht IL~ percent. Width of fl odcplairr ?t cic! e of dam - 150 fe
Gcnaleoigyfst?>cIC ste s in 1.1-t i or1I Soi Ile csou rce prrea '116 '1 c Czark

__ ___j~_t ijhn ct. Tbh!rcsidu.il1o\-c.burdcn ccis ists of of _____ ___of

chertard claj,_ Pie residiumn is weathercd f.rm che r ty jjy tories of the

os0: Lq Serk'! , -spi "r Stem!1. The ~phtoumc~hrdbcok __

waIs not dcterm~iriec(. ___ ___ ___ ___ ___

______ _______Sheet 4 of Appendix B



U. S. DEPARTMENT OF ACRICULTURE FORM SCS-376B

SOIL CONSERVATION SERVICE REV. 2 64

S14EET ... 2. or
DETAILED GEOLOGIC INVESTIGA1ION OF DAM SITES

FEATUR Lf Mim, Pic.Lpa1 -n;ilwv C'i'Fo ~nry~U a~Lr~.han oa

(CENTERLINE OF DAM. PRINCIPAL SPILLWAT, EMERGENCY SPILLWAY. 1HE STREAM CHANNEL. I.JVF STIGAl IONS FOR DIAINAGE
OF STRUCTURE, BORROW AREA, RESERVOIRl BASIN, ETC.)

DRILLING PROGRAM

NUMBER OFSAMPLEs TAKEN

EQUIPMENT USED NUMBER OF HOLFS UNDIS TUkHF() DISTUR13ED

EXPLORAIION SAMPLING (STATE TYPE) LARGE SMALL

5"' Flight Auger Il ___L_ ________ _________

Backhoe _____ 3 4_____ kaq 1 bag

TOTAL 1k3 ___ __ 4

SUMMARY OF FINDINGS
(INCLUDE ONLY FACTUAL DATA)

The zbutmcnts are residual c~~:with vary inq aFO0111ntS C' Ci,! %--;IiCfl also occwt S

beneath the materiol described as al lUvial -col lUvlal in the vallIry flIoor. Thi S

material forms the founda~tion for the princi pa-l sp i 11w !y . The or erqcncy~ Sri Ilhay

cuts will be in the i-es idjal o\'erbure-on. 'iledrock was r.:t cncc,,:ntercd in Cny co'

the test holes. No water tiable wsobserved in any of 0hc Lest ho)lcs. There is

a dug well 10 feet leFt of CenterlIne station 3+10 and a cascd well 5 feet left

of centerline Station 2+?0. Th~e water level in the cased wecll was below 100 feet.

Sheet 5of Appendix B



U. S. DEPART~f NT OF AGRICULTURE SCS-376C

MOL. CONSERVATION SERVICE REV. 2-.4
SHEET ....LoF 3..

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

WATERSHED SUPWATERSHED COUNTY STATE

RC &D -2 SOut" .eSt City tic Donald Missotr
SITE NO. SITE GROUP STUCTURE CLASS .INVESTIGATED Or.: (SGNATURE OF GEOLOGIST' DT

INTERPRETATIONS AND CONCLUSIONS

The material of the Valley floor described as alluvial-colluvial and classified

GC is believed very Permeable. This material wa~s Sampled for classification. All

residual materi-3l of the foundation is classified as similar to the materials

of the borrow areas. Samples %..ere taken from two backhoe pits and are as represent-

tative as possiblc. Field classification of the material is similar and it is

believed that composite spmples, 101,1l w/102.1 and 101.2 wi/102.2, will be rcpresent-

tative. In the emergency spill%.;ay aind borro.:i areas the thickness and Sequence

of the layers which arc predonjin-itely chcrt anid the amount of cI--y is variable.

Generally the upper two feet has less chert ant' is classified Cl.. The chert zones

are fractured and weathered -)nd believed possible to be woved with a blade or
ripper. The strata %,ith cloy, classificd GC, contain variable ar~ounts of chert

which is weathered and may brcal -down sorrc during borro.rn- and c -owpact ing. The

material of thc borrow! areas cnd ewcergencq' spillway was dry in the upper part
to only slightly mroist with depth. The dry or low moisture content of the borrow

material is expected to exist during normal construction seasons. '%later wac not

encountered in any of the test holes. Three channel sections w~rc investigated

and the m~aterial found to be similar to the residjim Of the foundation.
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ENGINEER' S REFORT May 23, 1969

Southwest Missouri RC&D Project

Southwest City Floodwater Control Structure

1. Stream channel cleanout - Due to simularity of material through the
floodplain, no stream channel cleanout is recommended for this site.

2. Core - The foundation area at the site is mostly sand and gravel
throughout. This sand and gravel was logged to approximately 15 ft.
deep. As this will be a dry structure, it is recommended that the
core be from 4 to 6 feet deep across the valley floor.

3. Foundation area - There are no large amounts of undesirable mater.al
in the foundation area. Top soil should be stripped and stockpiled
for placing on the embankment.

4. Borrow area - The excavation of emergency spillway should be used in
the embankment. This will amount to approximately 15,000 yards.
Approximately 20,000 additional yards should be obtained by flattening
off the top of the ridges north and east of emergency spillway including
South street and the north-south State line road. Top soil should be
salvaged from entire area and stockpiled for covering embankment,
emergency spillway area and adjacent areas. After rcmoval of top soil
approximately I to 2 feet of clay material relatively free of chert
should be available. This material should be used for the center
section of the embankment. The remaiing needed material should be
obtained frcm 2 to 6 feet deep from the borrow area. This area has
considerable chert with some red clay layers. The embankment should
be constructed by selected placement during construction operations.

5. Conduit - The principal spillway will be concrete pipe 30" in diameter
with a 60 cfs release rate.

6. Drainage - Soils of the area are very permeable and no special drainage
problems are expected.

7. Laboratory recommendations Need recommendations on placement of
available borrow material in th /'core and embankment.

e /~/
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SCS.803 (5-67)

UNITED STATES GOVERNMENT

U. S. DEPARTMENT OF AGRICUIALURE

AV.lan11 w) -an w tSOIL CONSERVATION SERVICE

TO : James M. Dale, State Conservation Engineer, DATE: August 25, 1969
SCS, Columbia, Missouri

FROM Iorn P. Dunni ,aa, Head, Soil Mechanics laboratory,
SCS, Lincoln, Nebraska

SUBJECT: ENG 22-5, Missouri RC&D) Southwest City lake, Site Me SW-1 (McDonald

County)

ATTACI1ETS

1. Fonn SCS-354, Soil Mechanics Laboratory Data, . sheet.
2. Form SCS-352, Compaction and Penetration Resistance, 2 sheets.

DISCUSSION

FOUNDATION

A. Classification: The soil on the abutments is a residual chert with
varying amounts of clay. This material is classed primarily as GC
although there is one zone of CL logged in test hole No. 1 cn the
left abutment.

About 10 to 12 feet of alluvium-colluvium overlic the residial mnterial
in the floodplain section. Thc alluvium-colluvium is lo.-,<ed as GC, and
a sample submitted is classed GC-GM. It is reported that the alluvium-
colluvium soil is expected to be quite permeable.

No water table was encountered durin: the investigation. It ,as noted,
however, that the water level was below 100 feet in a cased well 5 feet
left of t station 2+90.

B. Shear Stren- th: The shear strength is expected to be high, and the
consolidation potential is expected to be low for both residual
material arid the alluvial-colluvial material.

DMANWOT

A. Classification: The source of borrow material is outlined in the fieid
engineer's report. The ,wnp-1cs subr.iteJ fro1 'he 0.5 to 2.0-foot depth
are classed as Ci and ML. They contain about )40 percent rrv.el ani
sliChtly over 50 prcent fines. '!he material below 2 feet is Ci;i ity
coarser (rained. It contains about 145 percent cr.vel and 15 percent
fines. The samples submitted are classed as GM, but the liquid limits
and PI's are in the ranje of 60 and 20, which is considerat2y h! mer
tnan those of the surface material. You wIll also -o+e the prrcrnt of
material. finer thal 0.005 mm. is ccnsiderably hig1her in the GM matie lal
t1inn in the strfn.ce zone of mnt!rial.

Sheet 8 of Appendix B



James M. Dale 2
SubJ: ENG 22-5, Missouri RC&D, Southwest City lake, Site Me SW-I

B. Compacted Density: The CL and the ML were composited and the two GM
samples were composited for comp-action tests, as requested. Standard
Proctor compaction tests (ASIM D-698, Method C) were made on the
fraction finer than 3/4 inch. 'he maximum dry densities obtained ale
103.5 pcf on the CL and ML mix and 87.5 pcf on the GM composite.

C. Shear Stren -th and Slope Stability: With compaction to 95 percent of
Proctor, the shear streng~th of these materials will be adequate for
the slopes planned.

RECOMMENDA TI ONS

A. Cutoff: It was pointed out that the alluvial-coliuvial material is
expected to be quite permeable. If this material Is stretliied, we
suggest that the core trench bottom in the residual material in t'.e
floodplain and at a depth of about 6 feet in the ibutrnents. If the
alluvium-co].luvium is non-stratified, then a trench depth of about
6 feet will be adequate for the valley floor as well.

We suggest you use the finer grained material for backfill ard compact
it to a density of about 95 percent of Proctor with the contiul on the
minus 3/4--inch fraction.

B. Principal Spillway: The consolidation potential of the foundation is
expected to be quite low for the fill height planned.

C. Drain: As pointed out in the field engineer's report, the soils of
this area are very permeable and drains are not considered necessary
with the cutoff trench suggested.

D. Rnbankment Design:

I. Placement of Materials: We suggest that materials like those
sampled be placed at a density of about 95 percent of standard
Proctor with the control based on the minus 3A!- ir. 'raction. We
suggest a moisture content slightly wet of standar.i Proctor
optimrm to obtain as low a permeability rate as possible. In
addition we suggest that th2 fine-grained materials be routsd to
the central section of the fill with the coarser -rained material
placed in the outer sections. The intent here is to ue the
material in the center section that will end up with the most
uniform density.

2. Slopes: No problems are anticipated with the 2 1/2:1 slopes planncd.

3. Settlement: An overfill allowance of 0.5 foot Is sualeted to
compensate for recidual consolidation in the fill and founibticn.

Pkepared by: cc:
James M. Dale
Joe A. Green, Mt. Vernon, Mo.

fern P. Dunnigan F. D. Butler, Lincoln, N-,b'.
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APPENDIX C

HIYDROLOGIC AND HYDRAULIC ANALYS[S

To determine the overtopping potential, flood routings were performed
by aoplying the Probable Maximum Precipitation (PMP) to a synthetic unit
hydrograph to develop the inflow hydrograph. The inflow hydrograph was
then routed through the reservoir and spillway. The overtopping analysis
was accomplished using the systemized computer program HEC-1 (Dam Safety
Version), July 1978, prepared by the Hydrologic Engineering Center, U.S.
Army Corps of Engineers, Davis, California.

The PMP was determined from regional charts prepared by the National
Weather Service in "Hydrometeorological Report No. 33." Reduction factors
were not applied. The rainfall distribution for the 24-hour PMP storm

duration was assumed according to the procedures outlined in EM 111.0-2-
1411 (SPD Determination).

The synthetic unit hydrograph for the watershed was developed by
the computer program using the SCS method. The parame'ters for the unit

hydrograph are shown in Table 1 (Sheet 4, Appendix C).

The SCS curve number (CN) method was used in computing the infiltra-
tion losses for rainfall-runoff relationship. The CN values used, and
the result from the computer output, are shown in Table 2 (Sheet 5,
Appendix C).

The reservoir routing was accomplished by using the Modified Puts
Method. The hydraulic capacity of the spillway was used as an outlet

control in the routing. The hydraulic capacity of the spillway and the
storage capacity of the reservoir were defined by the elevation-surface

area--storage-discharge relationships shown in Table 3 (Sheet 5, Appendix C).
This dam has been designed for flood control purposes, and the water

surface elevation is maintained below the pr.imary spillway invert ele-
vation. To consider the effect of the reservoir storage, an antecedent
storm of 25 percent and 50 percent of the PMF was considered (assuming
the reservoir at the sedimentation pool elevation 987.7) to determine
the starting reservoir elevation for the routing of 50 percent and 100
percent of the PMF respectively. The antecedent storms were assumed to

occur four days prior to their corresponding storm. Both antecedent
storms will fill the reservoir beyond the emergency spillway level, but
at the end of the four days, the reservoir will reduce to the sedimen-
tation pool level since the primary spillway is unregulated. Thus,
the final routing analysis was accomplished considering the starting
reservoir level at the primary spillway invert elevation 987.7

(sedimentation pool).

Sheet 2, Appendix C
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The results of the rout ings- of the ['MI r'atio-,- irvide-te that the dam
will pass the I percent probability flood without overtopping the dam.

The rating curve for the spil~ways (see Table 4 Sheel. F), Allendix C)
was determined a 7umirig orifice flow for the primary sI'illwav and channelj
flow for the emergency spillway.

The flow overv tho crest of the (lam dur iiij,' overt olpindg w~i; (IC Vorlli 110(
using the- non- level damn opt ion ($.and $V c~ird'3) of the lIC-Iprog7ram;
the program assumes critical flow over a broad-cros telo woir.

A summary of the routing analysis for different ratios of the Fl-li
is shown in Table 5 (Sheet 7, 'qpPendix C).

The computer inlput (data , a Semnary of the 0(j t d &ata, anrd a -p lot
of the inflIow-ou~tflow hydrograph for, the [MY jr I *':;-1ted on) shoetj H
9 and 10 of Appendix C.
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TABLE 1

SYNTHETIC UNIT HYDROGRAPH

Parameters:

Drainage Area (A) 0.475 sq. miles
Length of Watercourse (L) 1.3 miles
Difference in elevation (H) 198 feet
Time of concentration (Tc) 0.41 hours
Lag Time (Lg) 0.25 hours
Time to peak (Tp) 0.29 hours
Peak Discharge (Qp) 793 c.f.s.
Duration (D) 5 min.

Time (Min.)(*) Discharge (cfs)(*)

0 0
5 139

10 477
15 759
20 759
25 591
30 354
35 220
40 143
45 89
50 56
55 35
60 22
65 14
70 9
75 6
80 3
85 1

(*) From the computer output

FORMULA USED:

3  0.385Tc-(11.9 L
Tc( )

Lg = 0.6 Tc

D
Tp = - + Lg

S484 A. Q Excess Runoff = 1 inch
Tp
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TAILE 2

RAINFALL-RUNOFF VALUES

Selected Storm Event Storm Duration Rainfall Runoff Loss
(Hours) (Inches) (Inches) (Inches)

PMP 24 36.00 33.55 2.45

Additional Data:

1) Soil Conservation Service Soil Group B
2) Soil Conservation Service Runoff Curve CN = 82 (AMC 111) for the PMF

3) Soil Conservation Service Runoff Curve CN = 66 (AMC II) for the
1 percent probability flood

4) Percentage of Drainage Basin Impervious 2 percent

TABLE 3

ELEVATION, SURFACE AREA, STORAGE AND DISCHARGE RELATIONSHIPS

Lake
Elevation Surface Lake Storage Spillway

(feet-MSL) Area (acres) (acre-ft) Discharge (cfs)

0 0
*987.7 3.2 9.8 0

990.0 3.9 18 12
994.0 7.1 40 20
999.5 10.3 87 28

1002 13.0 117 1413
**1004.8 13.8 152 51.78

1006.0 - 166 7429
1007.0 - 178 -
1010.0 25.0 272

*Primary spillway crest elevation
**Top of dam elevation

The above relationships were developed using data from the SCS plans and

the South West City, MO. 7.5 minute quadrangle map.

Sheet 5, Appendix.C
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TABLE 4

SPILLWAYS RATING CURVE

Reservoir Primary Emergency Total
Elevation Spillway Spillway Discharge

Zc.f S.) (c.f.s.) k C.1 .:3.

987.7 0 0 0
990.0 12 0 12
995.0 22 0 22
999.5 28 0 28

1000.0 28 86 114
1000.5 29 285 314
1001.0 29 572 601
1001.5 30 915 945...
1002.0 30 1383 1413
1003.0 31 2505 2536
1004.0 32 3885 3917

*1004.8 33 5145 5178
1005.5 34 6420 6454
1006.0 34 7395 7429

*Top of dam elevation

METHOD USED:

1) Primary Spillway: assuming orifice flow

Q = C.A.(2g.h)
1/ 2

Q = Discharge in c.f.s.

C = Discharge coefficient = 0.60

A = Opening area in ft2 (10" x 24")

g - Acceleration of gravity = 32.2 ft/sec
2

h = Head from reservoir elevation to the center of the opening (in ft)

2) Emergency Spillway: Assuming open channel flow.
Using charts from "UD Method of Reservoir Flood
Routing", S.C.S. Technical Release No. 35, February 1967.
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TALE 5

RESULTS OF FLOOD ROUTINCS

Ratio Peak Peak Lake Total Peak Depth
of Inflow Elevation Storage Outflow (ft.)
PMF (CFS) (ft.-MSL) (AC.-FT.) (CFS) Over Top

of Dam

- 0 *987.7 10 0

0.20 1042 1001.0 105 591

0.30 1563 1001.8 115 1280

0.40 2084 1002.3 121 1795 -

0.50 2605 1002.8 127 2284 -

0.60 3127 1003.2 132 '2789

0.70 3648 1003.6 136 °3294

0.80 4169 1003.9 141 3782 I

0.90 4690 1004.2 145 4292

1.00 5211 1004.6 149 4794

**1004.8

The dam and spillways will be capable of holding and passing 100 percent

of the PMF without overtopping the dam.

*Primary spillway crest elevation
**Top of dam elevation
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LIST OF PHOTOGRAPHS

Photo No. Description

1 Aerial View of Embankment

2 Aerial View of Embankment

3 Aerial View Downstream of Dam

4 Closeup of Plaque

5 View of Embankment Crest (Looking South)

6 Closeup of Inlet Structure (Looking North)

7 View of Spillway Outlet (Looking North)

8 View of Spillway Pipe (Looking Southwest)
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